The usefulness of the 7Li(p,n)7Be reaction as a fast neutron source for applications, such as neutron therapy etc., using smaller compact cyclotrons (proton energies of up to 15-18 MeV) has been investigated by measuring thin and thick target neutron spectra, absolute cross sections and angular distributions of various neutron groups produced in this reaction at 10.45 MeV. Our results indicate that the forward direction is still the preferred one for obtaining the most suitable fast neutron beam for biomedical application, and that moderately thick, rather than infinitely thick, target would provide higher mean energy. Moreover, it has also been shown that the 7Li(p,n)7Be reaction is more suited for producing neutron beams for therapy than proton and deuteron induced reactions on Be at corresponding energies, and that a therapeutically useful neutron beam can be produced even with smaller compact cyclotrons.
Introduction
It has been suggested by Chaudhri et all that the 7Li(p,n) reaction would be more suitable for cyclotron production of therapy neutrons than the commonly used Be(d,n) reaction, especially for smaller cyclotrons which cannot product medically useful beams from a Betarget. They also pointed out that a "moderatelythick" target would produce higher mean neutron energies than an "infinitely-thick" target (stopping the incident beam completely). A number of measurements have since been carried out in various laboratories around the world on the neutron production from Litargets, and comparing the output with other neutron producing reactions. However, these experiments are not fully conclusive regarding the possibility of using the 7Li+p reaction for producing therapy Thin target (3 mil) neutron spectra at 200 and 1200 (lab.) are shown in Figure 1 . The two main peaks in the spectra are due to neutrons going to the ground and first excited states (which being only 0.43 MeV apart, could not be separated), and to the second excited state at 4.55 MeV. The continuum of low energy neutrons is regarded to arise mainly from the multibody break-up reaction 7Li(p, 3He n)4with a Q value of -3.23 MeV.
By taking the integrated area of the spectra obtained, and subtracting the n(O+l) and n(2) peak areas, it has been possible to estimate the multibody breakup cross section in the 7Li+p reaction with an uncertainty of about ±15%. The angular distributions of various neutron groups are shown in Figure 2 . The Legendre Polynomial fits to these disgributions have been obtained, and total as well as 0 cross section values calculated and given in Table 1 . Figure 3 and compared with the spectrum measured by Scott using a magnesium bath. The agreement is good, especially when the fact that Scott's spectrum is averaged over all the angles is taken into account.
Forward direction (200) neutron spectra from lithium targets of 40-90 mil thicknesses are shown in Figure 4 . The average neutron energy of various spectra is indicated with the arrow and listed in Table II along with respective dose rates. Also given in the to dose rates of between 10-14 rads/min, at a distance of 100 cm from the target, depending upon the value of En used. Moreover, the average neutron energies in this case would be significantly higher than at incident proton energy of 10.5 MeV. As the maximum proton energies from most smaller compact cyclotrons are around 15-18 MeV, it seems that therapeutically useful neutrons, though by no means ideal, can be obtained by using moderately-thick 7Li target.
We also investigated in the present measurefments the effect of the angle of observation on the neutron beam quality. As can be seen from Figure 2 , the cross sections of the neutrons to higher-excited states in 7Be and from the 7Li(p, 3He n)4He reaction decrease more rapidly than those of the higher energy neutrons going to the ground and first excited state (.43 MeV) as the angle of observation is varied from forward to backward direction. Therefore, one would expect more high energy neutrons at backward angles than in the forward direction, and hence achieve higher average neutron energies. However, the kinematic decrease in the energy of the primary neutrons (ground and 0.43 MeV states) at backward angles more than cancels out this advantage. It is concluded, therefore, that the forward direction is still the most suitable one for obtaining the best neutron quality from the 7Li(p,n) reaction.
